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Multiple Forms and Glycoprotein Nature of Acid Phosphatase, 
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Isoelectric focusing and concanavalin A-Sepharose 
chromatography were used to study the mUltiple forms 
and glycoprotein natures of so-called lysosomal hydro-
lases from psoriatic scales. Acid phosphatase appeared 
as 5 different forms with pI values of 6.5, 6.1, 5.8, 5.6 and 
5.45. Seven isoenzymes of a-fucosidase were identified 
with pI values of 6.4,6.2,5.9,5.75, 5.65, 5.4 and 5.2. Acid 
a-mannosidase activity appeared as one peak with pI 
value of 6.75 and a weak activity of neutral a-mannosi-
dase was present with pI value of 6.7. Incubation of the 
extract with neuraminidase increased their pI values of 
acid phosphatase, a-fucosidase and a-mannosidase to 
the more basic forms. This finding suggests that epider-
mal acid phosphatase, a-fucosidase and a-mannosidase 
have some N-acetyIneuraminic acid residues. In addition 
concanavalin A-Sepharose column chromatography was 
also performed to confirm the glycoprotein nature of 
acid phosphatase. This enzyme was bound to the column 
and not released from the column even with the treat-
ment of 0.5 M NaCI, but the enzyme was eluted from the 
column with the treatment of a-methyl-D-glucoside. 
Acid hydro lases of many mammalian tissues have been 
shown to exist in multiple forms, called isoenzymes [1,2]. Some 
of these enzymes and their multiple molecular forms especially 
f3-glucuronidase [3] have been studied to elucidate the process 
of their formation and intracellular transport. Several acid 
hydro lases have been of particular interest since there are 
inborn error diseases in which the activity of lysosomal hydro-
lases is deficient or absent [4]. It is generally thought that the 
precursor proteins of many lysosomal hydrolases are synthe-
sized on the rough endoplasmic reticulum and then are glyco-
lated through the Golgi apparatus before they take their final 
forms as found in lysosome [2,5]. Indeed many lysosomal en-
zymes are glycoproteins [6-8]. In epidermis, cell fractionation 
has not yet been established be.cause of its high content of 
insoluble components. Therefore it seems difficult to investigate 
these mechanisms in epidermis. In the previous papers the 
glycoprotein natures of f3-galactosidase [9] and a -fucosidase 
[10] in newborn rat epidermis was reported. In the present 
paper we have studied several so-called lysosomal hydrolases 
of psoriatic scales to define their glycoprotein natures. 
MATERIALS AND METHODS 
Chemicals were obtained from the fo llowing sources: p-nitrophenyl 
phosphate from Daiichi Pure Chemicals (Tokyo); 4-methylumbelli-
feryl-a-L-fucoside from Nakarai Chemicals (Kyoto); 4-methylumbelli-
fery l-a-D-mannopyranoside from Koch-Light Laboratories; neuramin-
idase (Clostridium perfringens) from Sigma; Ampholine from LKB; 
concanavalin A-Sepharose from Pharmacia. All other chemicals were 
of the best available grade. 
Preparation of the Extract from Psoriatic Scales 
Psoriatic scales were collected from the in-patients and stored 
(-20°C) until used. The supernatant was made by homogenizing 1 gm 
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of the scales in 10 mM acetate buffer, pH 5.0 (1 :20, w/v) in Potter-
Elvehjer all glass homogenizer and centrifuging for 20 min at 5000 x g. 
The resulting supernatant was passed through a Millipore fIlter (0.30 
1'-) and the clear fIltrate was used as the extract for isoelectric focusing. 
Isoelectric Focusing 
A series of experiments were conducted to determine the effects of 
neuraminidase and autolysis on the isoelectric focusing behavior of acid 
phosphatase, a-fucosidase and a-mannosidase. (A) Control (no incu-
bation) . (B) Autoincubation; the extract (15 mg protein) was incubated 
without neuraminidase for 3 hr at pH 5.0 and 37°C before electrofocus-
ing. (C) Neuraminidase treatment; the extract (15 mg protein) was 
incubated with neuraminidase (2 units) at pH 5.0 and 37°C for 3 hr. 
Isoelectric focusing was performed a 110 ml column (LKB) with a 
gradient from pH 8 to 5 (cathode at bottom and anode at top) stabilized 
with sucrose as described previously [9]. After electrofocusing for 48 
hr, 0.8 ml fractions were collected from the column and each enzyme 
activi ty was determined. 
Concanavalin A-Sepharose Chromatography 
T he chromatography was in principle performed by the method of 
Bishayee and Bachhawat [10]. The crude extract of psoriatic scales was 
dialyzed against 20 mM Tris-HCI buffer, pH 7.7, containing 0.5 M NaCI 
at 4°C overnight. The dialyzed solution (7 mg protein) was applied on 
a column (1 x 6 cm) of concanavalin A-Sepharose equilibrated with 
the same Tris buffer. The column was eluted with the Tris buffer, and 
then equilibrated with 50 mM acetate buffer, pH 5.0. The bound enzyme 
was then eluted with 0.5 M a-methyl-D-glucoside in 0.5 M acetate buffer, 
pH 5.0. Thereafter the column was equilibrated with 0.05 M Tris-HCI 
buffer, pH 7.7, and the enzyme was eluted with 0.5 M a-methyl-D-
glucoside in 0.05 M Tris-HCI buffer, pH 7.7. A flow rate of the elution 
was 40 ml per hour and 4 ml fractions were collected at 25°C. 
A ssay of Enzyme Activities and Protein Contents 
Acid phosphatase activity with p-nitrophenylphosphate as substrate 
was determined as described earlier [12]. a-Fucosidase activity with 4-
methylumbelliferyl-a-L-fucoside as substrate was measured as de-
scribed earlier Ell]. a-Mannosidase activity was assayed using 4-meth-
ylumbelliferyl-a-D-mannopyranoside as substrate. The standard assay 
mixture of acid a-mannosidase contained 0.1 mM substrate, 100 mM 
sodium acetate buffer, pH 4.0, 1 mM ZnSO. and enzyme in a total 
volume of 0.5 ml. The reaction mixture of neutral a-mannosidase 
contained 0.1 mM substrate, 100 mM sodium acetate buffer, pH 6.0, 1 
mM CoSO. and enzyme in a total volume of 0.5 ml. The reaction 
mixtures to assay these hydro lases were incubated at 37°C for 5 to 60 
min, and 2.5 ml of 0.2 M sodium carbonate buffer, pH lOA was then 
added to stop the enzyme reactions. The released p-nitrophenol (for 
acid phosphatase) was read at 410 nm and the fluorescence of the 
liberated 4-methyl-umbelliferone (for a-fucosidase and a-mannosidase) 
was read in a spectrofluorometer [9]. One unit of all these enzymes was 
defined as the amount of enzyme that hydrolyzes 1 nmol of each 
substrate per min at 37°C. Protein contents were determined by the 
procedure of Lowry et al [13] or by the absorbancy at 280 nm. 
RESULTS 
Acid phosphatase of psoriatic scales was resolved into 5 acidic 
forms with the pI values of 6.5, 6. 1, 5.8, 5.6 and 5.45 (Fig lA). 
Fluoride did not affect acid phosphatase activities with pI value 
of 6.5, while formaldehyde was a strong inhibitor of this enzyme. 
By contrast, fluoride was a strong inhibitor of the 3 acidic forms 
with the pI values of 5.8, 5.6 and 5.45 (Table) . Autoincubation 
without neuraminidase increased the pI value to 5.7-6.75 (Fig 
lB) . After incubation with neuraminidase 3 forms were present 
and their pI values were raised further to 5.95-6.8. Formalde-
hyde was a strong inhibitor of the most basic form, while 
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fluoride markedly inhibited the 2 most acidic forms (Table) . 
Five percent of the total enzyme activity was lost during au-
toincubation or during neuraminidase treatment. As shown in 
Fig 4, a bulk of the protein passed through the concanavalin A-
Sepharose column and acid phosphatase activity could not be 
detected when the column was washed with 0.5 M NaCI in 20 
ruM Tris-HCl buffer, pH 7.7. The column was then washed with 
0.5 M a-methyl-D-glucoside in 0.05 M acetate buffer, pH 5.0 and 
approximately 58% of the enzyme activity was eluted. About 
10% of the enzyme activity was released when the column was 
eluted with 0.5 M a-methyl-D-glucoside in 0.05 M Tris-HCl 
buffer, pH 7.7. During this chromatography 68% of the total 
enzyme activity was eluted from the column. The binding of 
the enzyme with concanavalin A-Sepharose and the release of 
the enzyme with a-methyl-D-glucoside indicate the glycopro-
tein nature of acid phosphatase from psoriatic scales. 
a-Fucosidase of psoriatic scales appeared as 5 major forms 
with the pI values of 6.4, 6.2, 5.9, 5.75 and 5.65, and 2 minor 
forms with the pI values of 5.4 and 5.2 (Fig 2A) . When the 
extract of psoriatic scales was incubated for 3 hr without neur-
aminidase, a-fucosidase occurred as 3 major forms with the pI 
values of 6.5, 6.2 and 6.0 (Fig 2B) . Their isoelectric points were 
increased above those of the control experiment (Fig 2A). The 
minor acidic forms which occurred in the control experiment 
did not appear. Incubation of the extract with neuraminidase 
further raised the pI values of a -fucosidase to 6.05-6.6 (Fig 2C). 
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FIG 1. The effect of different treatments on the isoelectric focusing 
behavior of acid phosphatase. (A) Control experiment (no incubation) . 
(B) Autoincubation without neuraminidase. (C) Neuraminidase treat-
ment. See text for details. 
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a-Mannosidase activity appeared as a single form with the pI 
value of 6.75 (Fig 3A). Autoincubation at 37°C for 3 hr raised 
its pI value by 0.05 units (Fig 3B). Incubation of the extract 
with neuraminidase under the same condition increased its pI 
value to 6.95 (Fig 3C) . A weak activity of neutral a-mannosidase 
could be detected in the presence of 1 mM Co++ (Fig 3A) . 
DISCUSSION 
Mishima [14], Braun-Falco and Rupec [15], and Ohkawara, 
Halprin, and Levine [16] observed the existence of lysosomal 
and nonlysosomal acid phosphatase in epidermis. Miyagawa, 
Koda, and Urabe [12] separated 2 different molecular forms of 
acid phosphatase of guinea pig epidermis by gel fIltration on 
Sephadex G-lOO. The high weight molecular form probably 
located in lysosomes is sensitive to fluoride. On the other hand 
the low weight molecular form is not sensitive to fluoride but 
sensitive to formaldehyde. Smith and Whitby [17] postulated 
that the heterogeneity of human prostate acid phosphatase is 
due to the different content of N-acetylneuraminic acid in 
various electrophoretic fractions in spite of similar enzymic 
activities. Ostrowski et al [18] reported that human prostate 
contain 2 acid phosphatases, which can be separated by DEAE-
cellulose chromatography, and in which further heterogeneity 
can be demonstrated by isoelectric focusing. The heterogeneity 
of these acid phosphatase act ivities is caused by N-acetylneu-
raminic acid, the splitting off of which abolishes the heteroge-
neity of the enzyme and raised the isoelectric point without 
100 
50 
A. 
6 
pH 
FIG 2. The effect of different treatment on the isoelectric focusing 
behavior of a-fucosidase. (A) Control experiment. (B) Autoincubation 
without neuraminidase. (C) Neuraminidase treatment. See text for 
details. 
Comparison of pI of acid phosphatase and the inhibition studies of each peak identified by isoelectric focu sing (Fig lA, B , C) 
(A) No incubation (B) Autoincubation (C) Neuraminidase treat· 
ment 
pI 6.5 6.1 5.8 5.6 5.45 6.75 6.45 5.95 5.8 5.7 6.8 6.0 5.9 
% of control" % of control" % of control" 
Fluoride (l mM) 103 37 23 23 5 95 83 3 6 11 95 5 8 
Formaldehyde (0.25%) 20 50 104 95 102 20 38 88 92 99 19 103 96 
" Activity of enzyme without inhibitors is 100%. 
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alteration of enzyme activity. As shown in Fig lA, the pI value 
of several acid phosphatases of psoriatic scales was raised to 
the more basic forms by the action of neuraminidase. In addi-
tion the release of the enzyme from the concanavalin A-Seph-
arose column with the treatment of a-methyl-D-glucoside also 
confirms its glycoprotein nature. 
Fucosidosis, a lysosomal storage disease, is characterized by 
a deficiency of a-fucosidase and by the accumulation of fucose 
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FIG 3. The effect of different treatment on the isoelectric focusing 
behavior of O'-mannosidase. (A) Control experiment. •• (acid 
O'-mannosidase), -0--0 (neural O'-mannosidase). (E) Autoincubation 
without neuraminidase. (e) Neuraminidase treatment. See text for 
details. 
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containing glycoproteins and glycolipids. Several different mo-
lecular forms of a-fucosidase have been demonstrated in several 
mammalian tissues. Miyagawa [11] reported the presence of 3 
forms of this enzyme in newborn rat epidermis and the glyco-
protein nature of at least the most acidic minor form. 
a-Mannosidase is responsible for the hydrolysis of man nose 
bonds in mucopolysaccharides and glycoproteins. There are 3 
a-mannosidase in rat liver, located in lysosome, Golgi mem-
brane and cytosol. These enzymes are distinguishable in terms 
of pH optimum, metal ion requirements and Km values [19]. In 
mannosidosis lysosomal acid a-mannosidase is absent but the 
cytosol neutral form is present in the normal amount (20). 
Neutral (cytosol) a-mannosidase requires Co++ for maximal 
activity [21). In the present study, acid a-mannosidase activity 
was detected, and a weak activity of neutral mannosidase could 
be also found in psoriatic scales. 
As described in the previous papers, the isoelectric points of 
,B-galactosidase [9] and a-fucosidase [11] of newborn rat epider-
mis are not changed after incubation without neuraminidase. 
However, the pI values of acid phosphatase, a-fucosidase and 
a-mannosidase of psoriatic scales are increased to more basic 
forms after incubation without neuraminidase treatment (Fig 
1-3). These shifts of the pI values to more basic forms may be 
in part due to the autolytic digestion of N-acetylneuraminic 
acid, sugar and peptides residues [22] although lysosomal hy-
drolases are relatively resistant to inactivation during autolysis 
[23). The results of neuraminidase treatment indicate the pres-
ence of some N -acetylneuraminic acid residues in acid phos-
phatase, a-fucosidase and a-mannosidase of psoriatic scales. 
The existence of multiple forms of these hydrolases and the 
increases in pI values to more basic forms after neuraminidase 
treatment probably indicate that epidermis has intracellular 
transport systems which are similar to those described in liver 
and kidney [2,3,24). 
We thank Mrs. M. Ogawa, T. Tomomatsu and T. Abe for their 
encouragement. 
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